INTRODUCTION
============

The mechanisms underlying allergic diseases remain unclear.[@B1] Significant efforts have been put towards effective treatment and prevention, but reducing the prevalence of allergic diseases remains costly and challenging. The role of indoor environmental factors in triggering and exacerbating allergic diseases is generally accepted.[@B2],[@B3],[@B4] By addressing specific environmental risk factors in specific populations, policymakers and practitioners could cost-effectively reduce allergic disease burden. However, environmental triggers are complex, and it is difficult to identify areas and populations at elevated risks for allergic diseases.

Many factors, including environmental factors, influence the incidence of asthma, atopic dermatitis (AD), and allergic rhinitis (AR). Genetic factors are also important for determining disease susceptibility.[@B5] Among these three diseases, asthma is recognized as an environmental justice concern due to its relationship with poverty and substandard housing conditions,[@B6],[@B7],[@B8] but the relationship between income and AD/AR has not been clearly demonstrated. Although some studies have reported a positive association between income and the prevalence of AD,[@B9],[@B10],[@B11] others indicate that the prevalence of AD is greater for low-income families[@B12] or not significantly related to income.[@B13],[@B14] The impact of economic status for AR is also unclear; some studies reported elevated prevalence among high-income households,[@B15],[@B16] but others argue that income status does not affect the prevalence.[@B17],[@B18],[@B19] However, few studies have evaluated indoor risk factors (specifically for low-income populations), most of which have been conducted in western countries.[@B20],[@B21]

The epidemic increase in allergic disease has occurred in parallel with many societal and lifestyle changes, which is most apparent in \"westernized\" or \"modernized\" countries.[@B22] Urban Korean lifestyles have been rapidly and substantially westernized during the past few decades in terms of diet and household activities.[@B23] In 2010, over 10 million people in Korea suffered from allergic diseases, resulting in annual treatment expenses of approximately USD 600 million.[@B24] In 1995, the prevalence of asthma and other allergic diseases were higher in Seoul than other provincial cities due mostly to elevated air pollution, but by 2000 had become similar across urban areas.[@B25]

Although several epidemiological studies of allergic diseases in Korea have been performed,[@B26],[@B27],[@B28] no studies have focused on low-income households. Data supporting income effects on AD in Korea is also inconsistent,[@B29],[@B30] and the majority of studies on AR in Korea compares incidences by region, urban status, and time, but not the effects of household-level and economic status. Moreover, many experts argue that low income and poverty increases the risk of inadequate or delayed diagnosis and treatment, which could lead to more severe disease in patients in low-income households.[@B31]

Limiting analysis to only low-income households would minimize variability in risk behaviors and intervention activities for allergic diseases (*e.g.* smoking, cleaning, ventilation, etc.), which are typically characterized by income status, and thus allow researchers to identify risk factors that commonly affect low-income households with high certainty. Previous studies have generated multivariate statistical models to assign the relative weights of each household-level risk factor for the incidences of allergic diseases,[@B32] but the risk factors that are relatively more influential for allergic diseases in low-income populations remain unknown.

Moreover, despite the significant amount of information regarding individual-level risk factors for allergic diseases, few studies have focused on household-level dynamics of allergic diseases based on household-level environmental and behavioral risk factors.[@B33],[@B34] Therefore, the aim of this study was to determine which \"household-level\" risk factors affect the prevalence of 3 allergic diseases (AD, asthma, and AR) among low-income households in Seoul, focusing on housing and behavioral characteristics. We believe that this information will enable identification of household-level risk factors for allergic diseases and provide a policy guideline concerning housing quality assessment and public health campaigns, and ultimately change the behavior of low-income households.

MATERIALS AND METHODS
=====================

We conducted a cross-sectional study using data obtained from the Green Cody Consulting Project (2010-2011) performed by the Korea Environmental Corporation and supported by the Ministry of Environment of the Republic of Korea. Household surveys and indoor environmental samples were conducted with 1,516 homes throughout Seoul. The sample households were selected when they agreed to participate in the project and allowed a survey and assessment team to visit their house for a questionnaire survey and environmental assessments.

The questionnaire survey, completed by an adult in each household, included potential risk factors of allergic diseases pertaining to housing characteristics (*i.e.*, age of housing, renovation history, molds or water leaking in the house, house size, etc.) and household behavioral aspects (pet in the house, frequency of ventilation, frequency of house-wide cleaning, indoor smoking, etc.). Self-reported disease experience questions at the household level for each of the 3 allergic diseases (AD, asthma, and AR) were also included in the survey, which asked whether anyone in the household had an allergic disease in the past.

Environmental assessment data collected for the 1,516 sample households included measurements of airborne mold, presence of house dust mites (HDM), and phthalates in floor dust. The one-stage Andersen sampler (Andersen Instruments Inc., Atlanta, GA, USA) at a flow rate of 28.98 L/min for 10 minutes and a culture-based method were used for sampling and analyses of airborne mold, respectively. Dust sampling using a vacuum cleaner (Majestic 360®, 1050 W, HMI Industries CO, USA) equipped with a nozzle containing a collector with a 10-µm pore-size filter (Dustream™ Collector, Indoor Biotechnologies, Inc. Charlottesville, VA, USA) was performed to measure phthalates in floor dust. Each dust sample was sieved (355-µm sieve) and 100 mg of fine dust were added to 1 mL of PBS-T (0.05% Tween 20 in phosphate-buffered saline (PBS); pH 7.4). Gas chromatography/flame ionization detection analysis was performed to measure the level of phthalates in floor dust using aliquots from the dust-mixed solution followed by centrifugation.[@B35] Semi-quantitative tests (SD Mite Tester, Standard Diagnostics, Inc., Kyunggi-do, Korea) were performed to identify house dust mites in dust from the mattress or sofa. Swabbing using a cotton swab was applied to a 0.2×0.3-m area of the mattress or sofa, after which the swab was added to a tube containing 1 mL of blocking-PBS-T solution (0.2 M Tricine, 0.05% Procline, 0.25% Tween 20, 0.02% sodium azide in PBS). After 1 minute of shaking three drops were applied to the test device, and the level of HDM was divided into the following categories; \<20 mites/m^2^ (none), 20-99 mites/m^2^, and≥100 mites/m^2^.

Using the survey data, we limited our study sample to only low-income households, whose monthly incomes were less than the minimum cost of living (determined annually by the Ministry of Health and Welfare) and who were eligible to receive government income support.[@B36] In 2011, the minimum cost of living for a family of four in Korea was approximately USD 15,700 (KRW 17,300,000) per year. Although household income information for each sample household was not available from the survey data, our sample is likely representative of the low-income households in Seoul since they were classified as such by the government based on monthly income. Our sample includes 687 households categorized as low-income. We limited our analysis to households in apartments as a majority of sample households live in apartments (85.7%), and apartments and houses tend to differ systematically in air quality. According to the housing statistics in 2011, \~60% of the total houses in Seoul were apartments, and 37.7% of those were over 20 years old.[@B37] After excluding households who had recently moved to the sampled address (less than 3 years ago), the final sample for analysis consisted of 511 households in apartments who have lived in the current residence for at least 3 years. A summary of the statistics of the risk factors for the final sample set (N=511) is provided in [Table 1](#T1){ref-type="table"}.

We generated a logistic regression model of an allergic disease diagnosis within a household to identify risk factors (housing and behavioral) associated with the incidences of each allergic disease. The resulting models propose the relative weights that should be assigned to each risk factor for each disease. All statistical analyses were performed with STATA version 12 (Stata Corporation, College Station, TX, USA).

RESULTS
=======

[Table 1](#T1){ref-type="table"} shows the sample statistics of self-reported household risk factors categorized as housing and behavioral factors, as well as the prevalence of AD, asthma, and AR. Of the 511 households, 125 had at least one family member diagnosed with any of the allergic diseases (24.5%). A total of 39 (7.6%) households had an AD patient, 60 had an asthma patient (11.7%) and 45 had an AR patient (8.8%). Only 19 households (3.7%) reported 2 types of diseases, and none reported all three diseases. The average age of the apartments was 17.6 years, which is approximately twice the average age of apartments in Seoul (9.8 years).[@B38] A total of 22% of the sample households stated that their house had been renovated recently (within the previous 3 years). A total of 26% of respondents stated that their house had mold or visible water leaks. A crowding factor, calculated as house size divided by the number of family members, was 27.9 square meters per person on average for households in the sample. Compared to the city-wide average (36.3 square meters per person), low-income households reside in substantially more crowded environments.[@B38] While over 90% of the sample households reported behaviors for improving their home environments (*i.e.*, opened window for ventilation at least once per week or cleaned the entire house at least twice per week), 22% reported that a family member smoked indoors. This rate is approximately twice the Korean national average for exposure to environmental tobacco smoke (a.k.a. secondhand smoke) in home environments (12.0%).[@B39]

The effects of housing and behavioral risk factors on allergic disease prevalence at the household level, estimated using logistic regression models, are summarized in [Table 2](#T2){ref-type="table"}. The prominent risk factors differed among the three diseases. Only one risk factor, the presence of visible mold or water leaking in the house, was statistically significantly associated with all three diseases (*P*\<0.05). A higher prevalence of AD was observed in households with behavioral risk factors for allergic diseases, while a higher prevalence of AR was associated with housing-related risk factors at the household level. Households living in a renovated building were more likely to have a family member with AR than those without renovations, but this was only marginally significant (*P*\<0.1). In other words, among poor households, residents of recently renovated houses were at a slightly higher risk for AR. However, crowding was inversely related to the prevalence of AR at the highly significant level (*P*\<0.01), which has been reported previously.[@B40],[@B41] The age of housing was not a significant risk factor for any of the diseases, possibly because a majority of the sampled houses (92.2%) were built over 15 years ago and thus this factor showed only minor variation.

Behavioral factors had a greater influence on the AD incidence among sample households. The prevalence of AD was significantly lower for families who opened windows for ventilation at least once per week or cleaned the entire house at least twice per week, compared to those not reporting such activities (*P*\<0.05). However, those behavioral activities were not associated with asthma or AR prevalence, while the impact of indoor smoking was statistically significantly associated with the prevalence of asthma and AD (*P*\<0.05). Pet ownership was not significantly associated with any allergic disease in our analysis.

Environmental sample data collected from surveyed households can confirm whether higher levels of indoor environmental hazards are consistent with reported elevated risk factors ([Figure](#F1){ref-type="fig"}). [Figure A](#F1){ref-type="fig"} shows that levels of mold in environmental samples were higher in households reporting visible mold or water leakage than in those without (255.4 vs 196.6 CFU/m^3^; *P*\<0.05). The average level of airborne mold in households living in a recently renovated building was significantly higher than those without renovations (277.4 vs 200.6 CFU/m^3^; *P*\< 0.05). This seems counterintuitive, but raises concern regarding the quality of renovations in low-income housing. [Figure B](#F1){ref-type="fig"} shows that dust mites were significantly less prevalent in households with frequent cleaning or recent renovation compared to those without (*P*\<0.05). Other indoor environmental hazard measurements-such as phthalate-in the environmental sample data were not significantly correlated with any disease.

DISCUSSION
==========

We examined the prevalence of and risk factors for three allergic diseases (asthma, atopic dermatitis, and allergic rhinitis) among low-income households in apartments in Seoul. The risks for these diseases varied due to differences in housing and behavioral risk factors. The estimated impacts of such risk factors on the allergic disease prevalence in this study could be interpreted with high predictability since we limited our sample to low-income households, who tend to share many common characteristics in terms of housing condition and risk behaviors pertaining to indoor environmental quality. Our results highlight the importance of monitoring environmental risk factors when addressing the susceptibility and severity of allergic diseases, particularly for low-income populations.

Our model results confirm that the prevalence of all three diseases was positively associated with the presence of visible mold or water leaking in the house. This suggests that low-income households tend to reside in relatively older housing stock typified by sub-standard environmental quality and unhealthy living conditions, where mold growth could be promoted due to more prevalent water leakage or persistent dampness.[@B42] These results were consistent with previous studies in other settings showing the association of poor housing environments with socio-economic status.[@B43],[@B44]

We found that the concentrations of airborne mold were significantly higher in recently renovated households, suggesting that the renovations did not reduce airborne mold inside the house of low-income families, and may even increase exposure to environmental hazards during the renovation process. This adverse impact of recent renovations on allergic symptoms has been reported previously, particularly for respiratory symptoms such as wheezing or allergic rhinitis.[@B45],[@B46] However, further studies of the renovation activities are required, perhaps in an experimental or quasi-experimental format, to quantify the effects. Additionally, exposure pathways and duration should be taken into account in terms of their potential influence on the development and exacerbation of allergic diseases.

We also identified a significant impact of exposure to indoor smoking (*i.e.*, environmental tobacco smoke) on asthma and AD, which has not been consistently reported by Korean studies.[@B26],[@B47] Our analysis confirms that indoor smoking was a major trigger of asthma and AD in low-income households, in which environmental tobacco smoke is more prevalent.[@B48],[@B49]

We found that the effects on AD prevalence of behaviors, such as cleaning and ventilation, were more significant, while the effects of housing characteristics had a greater influence on AR prevalence. Although more in-depth studies are required to confirm the robustness of our findings, our findings highlight the fact that AD and AR can be attributed to different environmental factors. Because AD is typically more prevalent among infants or younger children whose immune systems are underdeveloped and thus vulnerable to allergen exposure, parental behaviors that could reduce or eliminate potential allergens play a more critical role in preventing AD, compared to housing-related environmental risk factors. On the other hand, AR usually develops at 7 to 8 years of age, and the prevalence increases steadily into the school years.[@B50] Environmental risk factors due to poor housing conditions in low-income households may have a greater influence on the development and severity of AR in individuals with a fully developed immune system. This suggests that health and environmental personnel should tailor their assistance to households based on their specific demographic characteristics.

We found that various housing and behavioral risk factors were significantly associated with exposure to potential allergic disease triggers within houses. As this study targeted low-income households who have less access to preventive and curative medical services for allergic diseases, our findings could be useful as proactive guidelines for design of monitoring programs for indoor environmental risk factors for different types of allergic diseases, with special consideration of the characteristics of low-income populations. For example, government-funded assistance and oversight of home renovations could be increased. Additionally, further studies of spatial and environmental factors are required to improve targeted intervention for allergic diseases.

The limitations of this study included the self-recorded prevalence data, non-random selection of sample households, and binary administrative characterization of poverty status. Due to the intrinsic properties of the data, the implications of this study should be limited to highlighting potential impacts of housing and behavioral risk factors on allergic diseases among low-income households, rather than identifying the underlying causal disease mechanism at the individual patient level. Our statistical models could not control for individual-level variables since the data did not include individual-level variables, such as age, sex, and disease experience for each member of the households, unlike the international study of asthma and allergies in childhood (ISAAC) survey that is commonly used to measure the prevalence of allergic diseases. Given that risk factors for allergic diseases are known to differ between age groups, we believe that a follow-up study using the ISAAC survey data including individual characteristics of low-income populations could confirm our findings in different age groups or sexes. Future studies should also include typical outdoor risk factors (*e.g.*, outdoor air quality, outdoor temperature, and hours of outdoor activities) to explore the combinational effects of indoor and outdoor risk factors on allergic diseases.

In conclusion, this study demonstrates that the prevalence of allergic diseases is affected by various household-level risk factors in low-income households, such as remodeling history, crowding status (AR only), frequent ventilation and house-wide cleaning (AD only), indoor smoking (AD and asthma), and mold or water leaking in the house (all 3 diseases). Such variation in the risk factors for allergic diseases suggests that targeted intervention may reduce the prevalence of allergic diseases in low-income areas by identifying households at elevated risk. A model specifically accounting for housing and behavioral characteristics could be used to identify households at risk, and could be applied to more effectively allocate limited resources to improve housing quality and enhance healthy behaviors. Further studies should focus on developing a spatial model that will enable more accurate identification of elevated risk factors for allergic diseases. The resulting maps and output of estimated allergic disease risks could play an important role in prevention of these diseases.
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Sample statistics of self-reported indoor risk factors and prevalence of allergic diseases (N=511)
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Results of the logistic regression model for each disease: Odds ratios for indoor risk factors (N=511; 95% confidence interval)
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